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INTRODUCTION
Microporous and mesoporous materials are 
among the best known and most widely used 
porous materials in adsorption process. Their 
uniform pore sizes with molecular dimensions, 
good stability, selectivity and activity due to 
their crystalline structure, make these materials 
unique for several processes (sorption, membrane 
separations etc.) (Ciambelli,  1998; Ozin, 2009; 
Mercurio, 2010). 
In 1992, researchers at Mobil Corporation published the siliceous and aluminosiliceous 
mesoporous molecular sieves synthesis (ordered 
mesoporous materials) of M41S family (Beck et. 
al., 1992). Siliceous material MCM-41 is part of the 
M41S family, together with MCM-48 and MCM-50.
M41S mesoporous materials have pores with 
diameters between 2.0 nm and 10 nm; specific 
sizes of mesopores are from 2.0 to 50 nm (meso 
from Greek means between) (IUPAC, 1972). 
SBA-15 mesoporous silica is a material obtained 
by using the structure directing agent, Pluronic 
P123, tribloc copolymer. Structurally, SBA-15 has a 
2-D arrangement of tubular channels (Zhao, 1998; 
Imperor-Clerk, 2000; Flodstrom, 2004).
Opposed to MCM-41, SBA-15 can be prepared 
with mesopores up to 30 nm and is more thermally 
stable due to higher thickness of the cylindrical 
pores walls (2-3 nm compared to 0.9-1.1 nm) 
(Zhao et. al., 1998).
In literature it was reported the synthesis of 
other mesoporous materials with larger pores, 
KIT-6, with Ia3d cubic type structure and a 
network of interconnected channels. Siliceous 
material KIT-6, has numerous applications in 
adsorption and catalysis, thanks to unique 3-D 
structures (Xiaoying et. al., 2002).Bentonite is the most used adsorbent in the 
wine industry (as far back as 1930), more especially 
to remove proteins that are a main source of 
haze in wines, but also with other molecules, like 
volatile compounds, higher alcohols, polyphenols 
and flavorings. 
The major characteristic required for a solid 
to be used as adsorbent for storage and separation 
is its nanoporosity. Nanoporous materials have 
the following features: - high adsorption capacity 
– considering the high specific surface area 
(m2/g), pore volume (cm3/g),  nanopore size 
distribution and the very ordered structure; - high 
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selectivity - due to narrow pore size distribution 
and to the specific interaction with pore walls; - 
favorable adsorption kinetics - resulting from 
the regular pore structure, dimensionality and 
pore size dimensions; - stability and durability in 
use, assuring the reversibility of adsorption and 
desorption process; - good mechanical properties to abrasion and compression.
The exploration of compositions and structu-
res for micro and mesoporous materials in view 
of speciﬁc applications in the oenological area as sorption and separation support, has led to 
considerable results, reported in literature (Cotea, 
2011; Luchian, 2011a,b).
Aims and objectives. The aim of this research 
is to investigate the impact of some nanomaterials 
on the chemical composition of Cabernet Sauvignon 
wine, harvest of 2011, Cozmeşti vineyard.
MATERIALS AND METHODS
Clinoptilolite was collected from Mârşid Romania 
subsoil assets (obtained from volcanic eruptions). 
It was crushed and sieved to obtain the fractions of 
0.1 and 1.0 mm. The commercial H-mordenite come 
from Tosoh Corporation Tokyo, Japan. 
The nanomaterials: AlMCM-41 (Corma et al., 
1995), SBA-15 (Zhao et al., 1998), MCM-41(Beck 
et al., 1992) and KIT-6 (Xiaoying et al., 2002) were 
synthesized according to the literature and were 
characterized using FTIR and SEM methods.
Molar composition of the synthesis gel for 
used nanomaterials is described in Table 1. 
Al-MCM-41 (Si / Al = 16) synthesis
For the synthesis of Al-MCM-41 (Si / Al = 
16) material, 22.3 mL of tetraethylorthosilicate 
was mixed with 0.68 g of aluminum isopropoxide 
(dissolved in 5 ml of deionized water). The mixture 
solution was stirred for 30 min at a speed of about 
250 rpm and tetraethylammonium hydroxide 
solution (10% water) was added with continues 
stirring for another 30 min at a speed of about 
250 rpm until the gel formation (pH=11). After 
that, 7.2 g of cetyltrimethylammonium bromide 
was added drop wise (30 mL / h) so that the gel 
changed into suspension. After further stirring for 
1 h, the resulting gels was transferred into a teﬂon-
line steel autoclave and heated to 150 0C for 48 h. 
After cooling, the solid was recovered by ﬁltration, 
washed with deionized water and ethanol, dried in 
air at 100 0C for 1 h and ﬁnally calcined in ﬂowing 
air at 540 0C for 6 h (Corma et al., 1995).
MCM-41 synthesis
Materials: Tetraethylortosilicate (TEOS, 98% 
Merck) as silica source, cethyltrimethylammonium 
bromide (C
16
TMAB) (Aldrich) as structure-
directing agent (surfactant), NH4OH 20% solution 
(Merck), methanol (Sigma) and deionized water 
were used, as received, in the synthesis of silica 
MCM-41(Beck et al., 1992).
SBA-15 synthesis 
Materials: Tetraethylortosilicate (TEOS) 98% 
Merck as silica source, amphiphilic nonionic 
triblock copolymer Pluronic P123 (EO
20
PO
70
EO
20
, 
molecular weight 5800) (Aldrich) as structure 
directing agent (SDA), hydrochloric acid (solution 
37%, Merck) and deionized water were used as 
received in the synthesis of silica SBA-15 (Zhao 
et al., 1998). The synthesis was performed using ultrasounds to shorten the reaction time.
 
 KIT-6 synthesis
Materials: P123 (EO20PO70EO20, molecular 
weight 5800) (Aldrich), n-butanol (0,8 g/cm3, 
Merck), (TEOS, solution 98% Merck) as silica 
source, hydrochloric acid (solution 37%, Merck) 
and deionized water were used as received.
Silica KIT-6 was synthesized using Pluronic P123 and n-butanol, a mixture as structure 
directing agent (Xiaoying et. al., 2002). 
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     Tab. 1 Molar composition of the synthesis gels
AlMCM-41 1SiO2 : 0.033Al2O3 : 0.2C16TMABr : 100H2O 
MCM-41 1SiO2: 0.2C16TMAB : 5.7NH3 : 113 H2O
SBA-15 1SiO2: 0.017 P123 : 5.87 HCl : 194 H2O. 
 KIT-6 0.017 P123 : 1.3 TEOS : 1.31 BuOH : 1.83 HCl : 195 H2O
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Scanning Electron Microscopy (SEM) analysis 
of sample were carried out on a SEM VEGA II LSH 
(TESCAN) with EDX detector tip Quantax QX2 
(Bruker/ Roentex).
FTIR spectra were performed in the range 
of the wave numbers 600 - 4000 cm-1, using a 
TENSOR 27 unit, Brucker FTIR. FTIR analysis offers 
quantitative and qualitative analysis for organic 
and inorganic samples. Fourier Transform Infrared 
Spectroscopy (FTIR) identifies chemical bonds in 
a molecule by producing an infrared absorption 
spectrum. The spectra produce a profile of the 
sample, a distinctive molecular fingerprint that 
can be used to screen and scan samples for many 
different components. FTIR is an effective analytical 
instrument for detecting functional groups and 
characterizing covalent bonding information. 
Standard chemical analysis of wine
A Cabernet Sauvignon bottled wine originated 
from Cozmesti (Romania) and winified in 2009 
was selected for experiments. 
Total acidity, ethanol, pH, volatile acidity, total 
and free SO2, sugars and total dry extract (TDE) 
of the used wine were analysed according to the 
methods proposed by O.I.V. (2012) (Table 2).
Tab. 2  Standard chemical analysis of wine
Parameter Value
pH
Total acidity 
Volatile acidity 
Free SO2 
Total SO2 
 Sugars 
 TDM
3.28
5.57 g/L (as tartaric acid)
0.19 (as acetic acid)
 5.28 mg/L
85.72 mg/L
4.07 g/L
23.7 g/L
Wine volatile compounds analysis is in 
accordance with OIV specifications (OIV, 2012).
Wine volatile compounds analysis was carried 
out with Shimadzu GC-MS QP2010 Plus with 
Headspace Auto sampler AOC 5000.
The adsorption experiments and preparation of 
wine samples distillates. 
It was analysed by using the GS-MS device, the 
adsorptive influence of synthesized nanomaterials 
on the concentration of six volatile compounds in 
cabernet sauvignon wine.
The adsorption experiments were conducted 
at 20ºC for 24 hours adding amounts of 
nanomaterial powder into 250 mL wine. After 
filtration, 100 mL of sample was distilled by steam 
stripping at 120ºC according to the OIV method 
OIV-ME-AS312-01A. From a distillate volume 
of 100 ml sample the alcoholic concentration is 
determined by standard methods and then the 
amount of volatile compounds is measured using 
a GS-MS system.
The retention time, the mass-spectral library, 
and pure volatile compounds were used for 
identification, confirmation and preparation of 
standard solutions of volatile compounds. The 
relative response areas for each of the volatile 
compounds to the internal standard were calcu-
lated and interpolated in the corresponding 
calibration graphs. Calibration curves were drawn 
for each standard at five different concentration 
levels. All integrations were carried out on the total 
ion chromatogram. The all analysis was performed in triplicate. 
GS-MS Parameters: Shimadzu GC-MS QP2010 
Plus with Headspace Autosampler AOC 5000; 
Column: Thermo SLB 5 MS, 30 m, 0.1mmX0.1μm; 
ion sourse temperature: 250 ºC; detector voltage: 
1 kV
Headspace parameters: incubation tempera-
ture: 75 ºC; syringe temperature: 110ºC; incuba-
tion time: 15 min; agitator speed: 500 rpm; 
injection speed: 1000 μL/s.
RESULTS AND DISCUSSION
Scanning Electron Microscopy (SEM) analysis 
of sample were carried out on a SEM VEGA II LSH 
(TESCAN) with EDX detector tip Quantax QX2 
(Bruker/ Roentex).
FTIR spectra were performed in the range 
of the wave numbers 600 - 4000 cm-1, using a 
TENSOR 27 unit, Brucker FTIR. Figs. 1, 2, 3, 4 
present the FT-IR spectra and SEM micrograph 
of calcined AlMCM-41, SBA-15, MCM-41 and 
KIT-6 samples. IR spectroscopic analysis gives 
us information about: the crystal framework structure, about the interactions that occur 
between the material and the adsorbed 
molecules, the type of crystal framework and 
the nature and position of cations.
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The region of crystal framework vibration of 
the material AlMCM-41 on IR spectrum, is between 
800-1300 cm-1. The asymmetric stretching 
vibration of Si-O bond leads to the appearance of a 
band at approximately 1152 cm-1, and symmetric 
stretching vibration band of the Si-O bond occurs 
at about 810 cm-1. The vibrations due to the 
embedded aluminum, leads to the formation of 
a band at 930 cm-1. The appearance of this band 
may be considered evidence of the incorporation 
of aluminum into the network. SEM image of the 
sample AlMCM-41 indicates a rather uniform 
particle rounded shape typical for Al-MCM-41 
material synthesized under basic conditions (Fig. 
1).
The IR spectrum of mesoporous silica SBA-
15 indicates: the asymmetric stretching vibration 
of Si-O bond leads to the appearance of a band 
at approximately 1071cm-1 and the symmetric 
stretching vibration band of Si-O bond occurs at about 815 cm-1. The morphology of calcined 
SBA-15 silica particles indicates a fibre form. The 
material may also have other forms depending on 
the reaction conditions (pH, structuring agent, 
time and method of stirring) for example, rods, 
spheres, discs, etc. (Fig. 2). 
IR bands characteristic of a MCM-41 material 
are given by the asymmetric stretching vibration 
of Si-O bond which forms a band at about 1211cm-1. The symmetric stretching vibration of Si-O bond occurs at about 831 cm-1. SEM image is in 
accordance with data from specialty literature 
(Fig. 3).
IR characteristic bands of mesoporous 
material KIT-6 are: 962, 1277 and 1644 cm-1. SEM 
image corresponds to literature reports (Fig. 4).
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 Fig. 2 FT-IR spectra and SEM micrograph of calcined SBA-15 sample
Fig. 1 FT-IR spectra and SEM micrograph of calcined AlMCM-41 sample
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In Table 3 it is shown that the used materials 
in the treatment of wine probes have different 
effect on the concentration of volatile compounds 
from cabernet sauvignon wine.
AlMCM-41 and clinoptilolite significantly in-
crease the concentration of 2-methyl-butan-1-ol 
in wine, but reduce the concentration of 3-methyl-
butan-1-ol. Mordenite and MCM-41 decrease 
the concentration of 2-methyl-butan-1-ol in the 
analysed samples, until below the detection li-
mit. Materials KIT-6 and SBA-15 increase the 
con centration of 2-methyl-butan-1-ol. 2-methyl-
butan-1-ol has a cooked roasted aroma with fruity 
or alcoholic undertones. All the used materials 
in this study, insignificantly affect the content of 
3-methyl-butan-1-ol acetate, hexanoic acid ethyl 
ester, octanoic acid ethyl ester, decanoic acid ethyl 
ester. 3-methyl-butan-1-ol has a mild, slightly disa-
greeable, choking alcohol odor, while 3-methyl-
butan-1-ol acetate has a very strong banana-like 
odour. Ethyl hexanoate is responsible for flowery/
fruity aromas, e.g. pineapple, blackberry, apple-
peel and strawberry aromas. Decanoic acid ethyl 
ester has a fruity reminiscence of grape (brandy-
like) aroma. 
The content of each volatile compounds determi-
ned in the wine samples assayed is the mean of three 
replicates±SD and indicated as μL mL−1
CONCLUSION
The materials: AlMCM-41, SBA-15, MCM-41 
and KIT-6 were synthesized in the laboratory, 
characterized by FTIR and SEM analysis and the 
results are in agreement with literature data.
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Fig. 3 FT-IR spectra and SEM micrograph of calcined MCM-41 sample
Fig. 4 FT-IR spectra and SEM micrograph of calcined KIT-6 sample
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The obtained results, following the wine treat-
ment with nanomaterials, demonstrate that these 
materials modify the chemical composition of 
Cabernet sauvignon wine.
The GS-MS collected data demonstrate that 
the amount of 2-methyl-butan-1 increase in wine 
sample treated with ALMCM-41 and Clinoptilolite. 
The 2-methyl-butan-1 concentration decrea-ses, up under the detection limit, in the sample 
treated with MCM-41 and mordenite. 
The amount of 3-methyl-butan-1-ol increase 
in the sample treated with mordenite.
The amount of hexanoic acid ethyl ester, octa-
noic acid ethyl ester, decanoic acid ethyl ester presented minor variations compared to the 
quantity of material added in wine.
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